1

Introduction
Historically, the regional differential in overall and infectious disease mortality is well established. Modest improvements in national life expectancies until the 1840s are attributed to the higher exposure to disease in the cities (Smith 1983) . Living in towns implied higher mortality comparatively to the countryside because effective sewage and water treatment systems were absent at that time. Industrial growth was responsible for the worse housing and working conditions in the cities, also contributing to excessive mortality (Woods 2000 , Kesztenbaum & Rosenthal 2011 . Also in Sweden, the process of industrialization was attenuated by rapid urbanization from the 1870s onwards. During this period, factories were established not only in cities but also in rural areas, accompanied by a rapid inflow of industrial workers (Sandberg & Steckel 1997) . As a consequence, industrializing countryside exhibited worsening environmental conditions similar to problems in larger towns.
A broad demographic literature suggested few mechanisms linking the mortality decline after the 1870s to environmental conditions. It has been argued that advances in living standards, mainly better nutrition (McKeown 1976 , Fogel 1994 , Floud et al 2011 or higher incomes (Preston 1975) , positively affected individual's health, thus leading to higher survivorship. In contrast, mortality might have declined due to the deliberate efforts of governments to control epidemics, thus decreasing exposure to contagious diseases. Public health projects plausibly responsible for defeating infectious diseases included isolation of the sick (Kunitz 1986 ), regulations of sanitary conditions through local health boards as well as installation of clean water technologies (Szreter 1988 (Szreter , 1997 . Drugs and vaccines were given the essential role in reducing mortality through treating and preventing against infectious diseases, but only with development of antibiotics after the late 1930s (Hardy 1993 , 2001 , Easterlin 1999 .
Differences in resistance to disease, mainly due to quality of diet, imply a socio-economic gradient in mortality. The underlying idea is that those who have greater access to economic resources will be always less afflicted, regardless of the disease conditions (Link & Phelan 1996) . Historically, however, this has not been the case. Empirical studies show that mortality did not differ by wealth in either historical England, or in agricultural societies during the early industrialization period (Clark 2007 , Bengtsson & van Poppel 2011 . If any social differences were found in infant or general mortality, much of it could be explained by the spatial distribution of the social groups, mainly between urban and rural areas. Thus the different social groups living in the cities, or the countryside, shared the risk of dying (Bengtsson & Dribe 2011 , Edvinsson & Lindkvist 2011 , Schenk & van Poppel 2011 , Gagnon et al 2011 .
Throughout Europe and North America, the opportunities of the governments to control contagious disease at a large scale are marked by the medical breakthroughs in bacteriology. Quarantining areas suffering from plague was an established practice already in the Middle Ages (Cutler et al 2006) . Targeted public health projects aimed at alleviating infectious disease were implemented from the mid-nineteenth century in a systematic way. Although based on a misguided theory of disease transmission through bad smells and sight, a sanitation movement was pioneered in the 1840s in England and a few decades later in other countries. In the 1880s, it was followed by critical discoveries of modes of transmission and causal agents of the main infectious airborne and waterborne diseases, such as typhoid, cholera and diphtheria among others, that validated the germ theory of disease (Easterlin 1999 (Easterlin , 2000 .
These inventions provided the public with three means of defeating infectious disease. The first was the potential to develop vaccines and treatment against the main contagious diseases. The vaccination against smallpox, carried out by priests, medical practitioners and midwives, had been already practiced in European countries at a wide scale since the beginning of the nineteenth century. By the end of the century, however, other infectious diseases, such as diphtheria, whooping cough and venereal diseases, all of which are less viral and more nutritionally dependent, created a problem in cities and rural areas. Even though new vaccines for rabies, diphtheria and cholera were discovered shortly after the 1880s, their quick public application proved elusive, so did the hope to find cures against all diseases (Weindling 2004) . The rise of the vast immunization programs started only after the World War II. No medical cure against infectious diseases was available until the twentieth century either, until a drug against syphilis appeared in 1908 (Easterlin 1999) . Antibacterial sulfa came in use only in the 1930s and, as the major drug against bacterial diseases, antibiotics became available in the 1940s (Yayachandran et al 2010) . Thus prior to the 1930s-40s, no treatment existed to any disease, except for syphilis.
Another set of tools provided by bacteriological discoveries focused on stopping the spread of infectious diseases between communities. By the middle of the nineteenth century, the practice of imposing quarantine regulations, cordons sanitaires and sanitary measures in order to control the spread of cholera and yellow fever was well established. The strategies of exact public measures varied by countries, ranging from rigorous quarantine policies including closing routes of entry in East Europe and Scandinavia to predominantly organizations of general cleaning of the streets and the homes of the poor in West Europe (Bourdelais 2002) . Bacteriological discoveries of the 1880s gave these policies theoretical underpinning and made them targeted towards most threatening areas. Shortly afterwards, governments created local health boards to implement the related reforms (Hardy 2001) . In cities throughout Europe and North America, interventions in sewage disposal and water supplies as well as other sanitary efforts were immediately launched. Also, through the use of the bacteriological tests, diseases became monitored both internationally and within countries and infected persons were forced to be isolated in urban settings. Similar isolation efforts were put in place in industrializing countryside. For instance, in the fear of cholera in the 1890s isolation hospitals were built in each large commune in Sweden (Johannisson 2006) .
The last means of controlling diseases transmitted from individual to individual was disinfection. In the 1880s, the germ theory justified the use of antiseptic and aseptic techniques to destroy or prevent the growth of organisms capable of infection in surgery. In a few decades, surgical operations were transformed into their modern form, with personnel with sterilized clothes and equipment constantly undertaking disinfection routines (Schlich 2004) . More importantly for infant survival, disinfection techniques were implemented into the nursed delivery of newborns. Throughout Europe and North America, from the late 1870s, these measures were introduced in maternity homes and hospitals and they also became obligatory for home deliveries. For the prevention of development of infectious diseases in newborns, the use of antiseptic eye drops, known as Credé prophylaxis, also became a critical implementation into the midwifery practice. Thanks to bacteriological developments, education of the midwives could be improved, including the knowledge about the aseptic treatment of the umbilicus and necessity to isolate the infant (Loudon 1992) . Therefore, both in hospitals and at homes, medical practitioners and midwives became important providers of modern medical knowledge about the prevention of disease. However, they could not help infected children with drug-efficient treatment.
Empirical research on the link between public health interventions and the rapid decline in infectious or child mortality in the pre-drug period has recently developed from descriptive to causal. The earlier strand of literature, based on national macro-and micro-data from Europe and North America, primarily discussed the issue of the public reforms and the development of mortality focusing on the period 1870-1930 (Woods 1989 , Clark 2007 , Gangon et al 2011 , Haines 2011 . These works however applied a solely descriptive approach and provided associations at best. Recent interventional studies implementing causal methods are both time-and place-specific, using a region as a unit of analysis. So far they examine the link between sanitation and mortality, for example in Chicago or Stockholm (Cutler & Miller 2005 , Macassa et al 2006 , Ferrie & Troesken 2008 , Kesztenbaum & Rosenthal 2014 , Burström et al 2005 , and the effects of other health interventions, for instance, midwifery and its role in maternal mortality (Pettersson-Lidbom 2014 , Andersson et al 2000 , Högberg 2004 . No study discusses the contribution of isolation and disinfection public measures to mortality reductions.
Seeking to fill a void in the causal literature, our paper is the first from the new generation of interventional studies to apply causal methods to high-quality micro-data. As a result, we raise the following research question: were public health interventions efficient in improving child health? The aim is to take a causal approach to estimate the effects of public health interventions in rural areas on infant and child mortality using longitudinal individual-level data for southern Sweden during the period 1870-1940. We study the child population in five parishes (Hög, Kävlinge, Halmstad, Sireköpinge and Kågeröd) that after the introduction of the local health boards between 1860-1870s had been subjected to several public health interventions focused on controlling the spread of infectious disease. More specifically, we focus on (i) the establishment of isolation hospitals and (ii) employment of midwives qualified in disinfection routines and knowledge about the importance of isolation of infants. A clear merit of having rural/semi-urban setting in our case is that public health care measures were not complemented with sanitary or vaccination reforms. We use a difference-in-differences approach that exploits plausibly exogenous variation in the timing of both establishments of isolation hospitals and development of midwifery. These types of models will also allow us to estimate the magnitude of the effect -a change in mortality rate, as well as to approximate the social rate of return due to these interventions.
Compared to previous research, the data used in this study has particular merits. Primarily, such data allows us to take socio-economic status of a child into account, that is of prior importance for the period of interest due to the existence of a nutritional gradient in infectious diseases, such as measles, diarrhea and respiratory infections (Lunn 2002) . This allows us to estimate the distributional effects of interventions. Also, the entire population at risk is known, including all children born or immigrated into five parishes in southern Sweden until their death or outmigration, and provided at a longitudinal basis. As the parish-level data used in this study to identify the interventions is based on a large variety of historical sources, including parish ledger books, we directly calculate the costs of both building of local isolation hospitals and employment of additional midwives instead of using their approximations.
Context Public health movements in Sweden
In the following section, we provide a brief discussion of the events related to public health movements in the area under study and in Sweden in general, in order to sketch the external validity of the local events considered.
In Sweden, the period 1860-1880 is marked by fundamental changes in the governing of public health that led to the expansion of the health services in the countryside. Some rudimental health interventions were undertaken in the most urbanized areas since the beginning of the nineteenth century, which led to the establishment of hospitals, increase in the number of medical personnel, and some improvements in water supply. In rural areas, institutional reforms in public health were launched in the 1860s. In 1862, a local government reform established county councils, with one extra provincial doctor per each, as a complement to the central administration that took over responsibility for hospitals (Lindblom 1967) . In 1874 the public health movement expanded to each Swedish town and village: a new act on public health prescribed every commune throughout Sweden to establish a local health committee that was obliged to combat against poor sanitary conditions (Kullberg 1877). In cities, its duties primarily focused on improvements in water supply and sewage, whereas in the countryside any important efforts of the board covered public health care and local infrastructure. More specifically, in the fear of cholera, a state law of 1893 prescribed each commune to prepare the hospitals that could serve for isolation of the sick (Svensk författningssamling 1893: 61) . In parallel, the number and quality of medical personnel, including provincial doctors, medical nurses and qualified midwives improved markedly after the 1890s in the rural parishes. In the rural parishes until 1908, the state law allowed traditional birth attendants to assist in labour when a licensed midwife was not available (Högberg 2004 ).
Initiatives of the local health board in the area under study
The county council administrating the area was established in 1863 and resided in the city that was located further up south from the studied parishes, in Malmö. Like in other areas of Sweden, local authorities in the southern region had to establish the local health boards responsible for sanitary conditions according to the 1874 Health Act. Until 1889, only one provincial doctor took care of the rural parishes in the county. According to a decision taken, separate district doctors were introduced gradually thereafter, 6 in total, each for 8-12,000 inhabitants (Lindblom 1967) . In 1889, a local doctoral district serving three out of five studied parishes -Halmstad, Sireköpinge and Kågeröd -was introduced in the neighboring parish, Teckomatorp; in 1900, a separate doctor's district was opened in other parishes -Kävlinge -that began to administrate Hög as well. Major improvements with regard to public health management came into place here around that time. A local health board was obliged to make an annual report to the provincial doctors concerning the general health conditions in the parishes, including employment of additional medical personnel, measures with regard to isolation of the infected, food and water supplies.
In what further follows, we summarize information on major health interventions, if any, in these demesnes that has been gathered mainly from the Local annual health reports (Årsberättelser från hälsovårdsnämnderna i Halmstads kommun, i Kågeröds kommun 1889 -1941 , i Sireköpinge kommun 1913 -1941 Some rudiment implementations regarding water and food supplies had been made in the area since the beginning of the twentieth century. Provincial doctors indicated that there was a supply of good water in the parishes before 1910. Afterwards, doctors' notes about water pollution in the area became more frequent, in particular, about contaminated streams from the slaughter houses and dairies in Kågeröd and from the tannery, shoe and leather factories in Kävlinge. Even though the knowledge about bacteriological nature of disease transmission had been available to doctors by that time, they measured the quality of water by sight and smell. Only in 1928, Kävlinge built a bathhouse, and some private houses mounted water closets (Kävlinge kommunarkiv 2010). A decision to build a sewage system here was made by local authorities only after the 1940s (Kävlinge distrikt årsberättelser 1942). Measures controlling the quality of food were also scarce. As the rural area under study was dependent on grain either produced locally or imported, the situation about harvests is thoroughly commented in the reports. The deficits in grain, however, were not subjected to any responsive measures, because the local crises did not occur here after the 1870s. After 1910, a local health inspector was occasionally controlling the hygienic conditions in the slaughterhouses, grocery stores and dairies across the area. Main control and injunctive measures were brought in after around 1940. Also, pasteurization of milk was made compulsory around that time, and before that the local authorities did not pay attention to whether the milk was sterilized (Kågeröds kommun årsberättelser 1940).
After 1890, the authorities institutionalized the isolation of infected persons. In the beginning of the nineteenth century, certain quarantine rules were already in place with regard to isolation of the infected, driven by the knowledge emerged with the fight against plague and smallpox (Sköld 1996) . According to the instructions given, household members suffering from infection had to be isolated from the rest of the family. Obviously, as the local doctor noticed in 1890, the prescriptions were not efficient for the majority of the rural population, since the whole family usually occupied single room (Teckomatorps distrikt årsberättelser 1891). Also, midwives, private doctors and clergymen were obliged to report the cases of infectious diseases to the county authorities. The provincial doctors indicate that in reality only the cases of cholera, smallpox and typhus were thoroughly reported (ibid). Only in 1893, in the fear of the new cholera epidemics, the state board prescribed to organize separate buildings for isolation of the sick. The local reports document that in 1893 the local communes set up the cottage hospital for this purpose in Kågeröd and in 1895 in Kävlinge. Later on, these hospitals were used for isolation of all infected people and after 1898 they were monitored by communal medical nurses.
The number of qualified midwifes and nurses rose in the early 20th century. Communal midwives had a broad range of skills acquired from extensive midwife training and repetition courses. According to the early doctoral reports, midwives not only helped in delivery of newborns but also worked as dentists, provided vaccinations against smallpox, were assigned as medical nurses in case of epidemics, and sometimes substituted doctors (Teckomatorps distrikt årsberättelser 1889). Most of the medical treatment up to the 1930s was otherwise of limited influence on child health. Medical practitioners had in their use painkilling and fever-reducing drugs, and Salvarsan against syphilis also became available after 1915 (Teckomatorps distrikt årsberättelser 1915). Communal midwives were equipped with efficient cures to hasten labor and stop uterine bleeding, and calming drops. With regard to infectious and other diseases, in addition to carrying out constructive surgery, doctors and other medical personnel could help only with supportive treatment. Also, even in the beginning of the twentieth century, the availability of midwives trained with disinfection skills was not sufficient in the studied communities. Newly assigned provincial doctors, in Kävlinge in 1900 and in Teckomatorp in 1914, indicated that the midwives working in the district were 'incompetent in the use of antiseptics and modern knowledge' and they rarely used instruments (Kävlinge distrikt årsberättelser 1901, Teckomatorps distrikt årsberättelser 1915). As they noticed further, this was inappropriate because the midwives nursed patients with diphtheria and other contagious diseases. The employment of qualified midwives and nurses was initiated by the doctors shortly afterwards. Vaccination of kids against diphtheria was organized only in 1944 (Teckomatorps distrikt årsberättelser 1945).
In sum, local reports support that the area under study is representative of the rural setting in terms of public health reforms implemented in 1870-1940. Improvements in water supply and disposal were almost absent. Controls of the sanitary conditions in factories, grocery stores, and animal husbandry were not regular. In the 1890s, however, the local health committee of Malmöhus County began to subsidize the health care service in the rural parishes, in the form of provincial doctoral districts, isolation hospitals, quantity and quality of the assisting medical personnel. Modern medical knowledge -through better trained medical nurses and midwives with knowledge about the use of antiseptics and isolation from the infected -did reach the rural population of the parishes under study in around 1900s. In the data section of this paper, we will briefly map the development of public health movement with various parish-level data.
Infant and child mortality decline
The child mortality levels improved considerably in the area during the period analyzed, mainly due to the decline in mortality from airborne and foodborne infectious disease, such as whooping cough, measles, diphtheria and diarrhea. Historically, infant mortality rate had been lower in southern Sweden due to reasons unknown (Brändström et al 2002) . In the five rural parishes studied, the development of infant mortality over 1800-1970 differs slightly from the national pattern. As can be seen in Figure 1 , infant mortality rate exhibits uninterrupted decline at a steady rate in Sweden in total. In the area under study, three stages may be identified. More specifically, a steep decline in infant mortality, with short term upswings, prior to 1870 is followed by leveling-off at a rate around 100 per 1,000 infants up until 1915s, and then by decrease by two times in both levels and a trend. The period of stabilization may be related to compositional changes due to the inflow of population. The development of mortality rate for children under the age of 14 in the parishes is almost identical to the overall shape (see Figure 2) . After around 1880, child mortality rate plummeted with almost no interruptions and reached a level of 2 per 1,000 children up to 1920, followed by a less rapid decline thereafter. The long-term decline in child mortality is almost entirely produced by the fall in deaths from infectious diseases. Table 1 displays cause-specific rates of death among children in ages 1-14 in the area under study and in Sweden. Until the 1930s, the majority of children's deaths under the age of 14 in the area, like in the rest of Sweden, occurred due to respiratory or intestinal infectious diseases, and for the rest of the period infections as a cause of death accounted for roughly less than a half (Preston et al 1972: 651; Bengtsson et al 2012) . Deaths from acute airborne diseases, such as whooping cough, measles, scarlet fever and diphtheria, declined dramatically. Table 1 Data Socio-economic and demographic individual-level data
The individual-level data used in this work comes from the Scanian Economic Demographic Database -SEDD version 3.2 (Bengtsson et al 2012) , which originally covers the period 1646-2011, and contains demographic as well as socio-economic information for individuals who were born or lived in any of the five studied parishes in southern Sweden (Kävlinge, Hög, Halmstad, Sireköpinge and Kågeröd). The database has been developed as a collaborative project between the Regional Archives in Lund and the Centre for Economic Demography (Lund University). The main source used to construct the database was catechetical examination registers with information on demographic events, which have been checked against underreporting with data from church books. These records have been further linked to tax registers that provided annual information on occupation of the family head. As a result, we have information on both place of residence and current occupation of the individual's family head at each point in time when they underwent any changes. The database contains records on all individuals born or immigrated into the five parishes until their death or out-migration. The dataset for analysis was created using the programs developed by Quaranta (2012) and Dribe (2012) .
The quality of the data is very high. The source material is described in Reuterswärd and Olsson (1993) , and the quality of the data is analyzed in Bengtsson and Lundh (1994) . If some problems with under-recording of deaths exist, this can appear as low mortality before baptism that was delayed for a few weeks after the birth in the nineteenth century. Excluding stillbirths, infant mortality rate is 82 per 1,000 live births in the five parishes during 1870-1940, whereas neonatal mortality is 35 per 1,000 live births. Also, the proportion of neonatal deaths in total infant deaths is 45 per cent. There are no significant differences in this indicator between different socio-economic groups. The sex ratio at birth (males to females) in the population under study is 1.08 which is somewhat higher than the expected 1.05. A more precise estimation of the differences in sex ratio between socio-economic groups by sub-periods gives no indication that there are systematic differences between the groups. The proportion of stillbirths among all live births is slightly lower, 2.9 per cent versus the expected 4. The latter is likely to emerge due to random variation in a rather small community. All these indicators are within the conventional limits of data of high quality (Bengtsson 1999 ).
The area analyzed in this study includes five parishes in southern Sweden with similar life expectancy as the whole country (Bengtsson & Dribe 1997) . With regard to economic structure, all five parishes located to the west of Scania, Hög, Kävlinge, Halmstad, Sireköpinge and Kågeröd (the most populous), with a total population in all parishes of more than 5,100 residents in 1880, were similar to each other and represented rural areas prior to the 1890s (see Figure 3) . The period under study begins in 1870, a decade preceding the launch of the public health reforms that were also gaining their scope throughout Sweden. During this period, some parishes experienced the population growth and partially industrial growth that added to the health problems in the countryside and called the local boards to the action. In 1895-1915, one of the southern parishes -Kävlinge -became partially industrialized. During this period, population in Kävlinge had increased rapidly from 600 to approximately 2,900 inhabitants, primarily due to the inflow of industrial workers. During the same period, Kågeröd also had experienced an increase in the number of immigrated workers, albeit in more moderate terms. We stop in 1940, more than a decade after the last public health care intervention, since the period that followed was characterized by other public health interventions such as improvements of water supply, use of antibiotics as well as spread of in-patient care including hospital birth deliveries. For the current paper, we select individuals up to their 15th birthday, which enables to obtain a sample of almost 17,000 children. The sample selected for the analysis includes all children that were either born or immigrated into the five parishes until their censoring with death, out-migration or their 15th birthday. In order to estimate the distributional differences in responses to public health interventions, the current study uses the information on socio-economic status of the child's family. The SEDD contains data on current occupation and landownership of the head of the individual's family of origin standardized into HICLASS classification (van Leeuwen & Maas 2011), which was gathered with an annual frequency. For this study, we classified occupational groups by also taking area of residence into account: children of farm workers (residing in rural parishes), industrial workers (residing in semi-urban parishes), farmers, as well as elite and middle class engaged in the tertiary sector. For farmers, as has been done in previous research (Bengtsson & Dribe 2005) , we also use information on landholdings in order to distinguish more precisely between farmers and farm workers 1 . Both variables are time-varying.
Turning to the outcomes, we utilize the data on all-cause and cause-specific mortality. The main specifications consider all-cause mortality as an outcome. For those who died, we also observe the cause of death. During the first few decades of the period under study reporting of the cause of death is likely to have improved. In 1870-1940, medical science developed in its modern form, so that modern diagnoses were accepted as a norm for determining causes of death (Bengtsson 1988) . From 1860, a medical doctor was obliged to fill out death certificates in the parishes, a practice that had become common in cities and towns. If no physician was available, like in the case of rural parishes, the cause of death could be certified by a medical nurse or midwife, who were trained with subsequent medical knowledge, or by 'another trustworthy person', that is by a clergy, until 1894 (Svensk författningssamling 1859 : 64, Romlid 1998 . To avoid any problems with potential temporal differences in reporting of cause of death, we use a classification developed by Bengtsson and Lindström (2003) , where the original data is regrouped in terms of cause of death rather than symptoms. For infants and children, the majority of the causes can be interpreted easily (e.g. diphtheria or scarlet fever), as well as certain diseases of infancy (e.g. congenital malformations) can be immediately identified. As the share of unknown causes of death is rather large (53% for infants and 29% for children) for the period under study, we refrain from using this data in the models, but utilize it descriptively.
Parish-level data on public health interventions
In addition to contextual information from the local health reports, in order to identify the timing and locality of the interventions, we obtain empirical data on the public health interventions at a parish/medical district level. The data is obtained from three main sources: (i) series published in statistical yearbooks on Municipal finances and poor relief (the 'Bidrag till Sveriges officiellastatistik', BISOS U), (ii) series published in statistical yearbooks on Public health care (BISOS K), as well as (iii) data from the Local ledger books that are available for two commune parishes and hospitals (Kävlinge and Kågeröd). All sources are necessary to precise the social interventions as accurately as possible, whereas the last source in addition gives information on the costs of these initiatives.
Information on public health investment is taken from the BISOS U (Municipal finances and poor relief). The series on public finances are available from 1874 to 1917 and contain parish-level data on public spending into health care and local communications. Provided in the sources in a summated form, this category is however heterogeneous and includes investment into acquisition and maintenance of hospitals, including wages to doctors and midwives, as well as to other purposes such as building and maintenance of roads, railways, public buildings and administrative costs. To obtain the comparative picture, we deflate this yearly data with the consumer price index (Edvinsson & Söderberg 2007) and divide by population in a subsequent parish and year, as well as take the logarithms of the final series. Figure 4 displays the real values of investment into health care and communications per child population for each parish, in . Over the period, three phases may be identified. Primarily, the data indicates a drastic increase in spending in the beginning of the period, up to around 1890s. Thereafter until mid-1910s, investment had been increasing at a moderate rate. Finally, in 1912 Finally, in -1917 , spending in health care and local infrastructure soared. Although investments exhibit substantial short-term fluctuations in each parish over the period, there are shocks with the most pronounced magnitude for some parishes. However, the majority of them are related to communications, such as investment into railways or building of the market places, rather than to health care. Given that the scope of the investment into economic development is large, the health investment series obtained are probably masking public spending on health care. From the local health reports we know that the hospitals and midwifery had been financed jointly by the group of parishes. Also, midwives, if necessary, had been obliged to serve neighboring parishes.
As a second source, we use the parish-level data on the number of medical personnel of different kind for the period 1889-1920. The data comes from two sources: BISOS K 1889-1910 (Health care) and Sveriges officiella statistik 1911-1920 (SOS, Health care). The data is given for the local provincial doctor's districts as a unit level. Based on the local health reports, we first utilized information on which medical district the parishes under study belonged to. As a result, the series are gathered for rural Malmöhus County (for Kävlinge and Hög 1889-1899), Kävlinge district (for Hög 1900-1920) , and Teckomatorp district (for Sireköpinge, Halmstad and Kågeröd for 1889-1920). We then obtained the number of midwives, doctors and medical nurses for these periods. We further divide this data by the number of births in the parishes respectfully. For rural parishes in 1889-1899, we divide by the number of births in rural parts of the Malmöhus County that is available from Population statistics (BiSOS A, Befolkningsstatistik 1851-1910). The final series for medical personnel used in this study vary both yearly and between medical districts. Figure 5 shows the final data for medical personnel by medical district in 1889-1920. In the medical district of Kävlinge, which also serving Hög, there was a significant increase in the number of available midwives, nurses and doctors per 1,000 births in 1900, just after the establishment of the local doctoral district. A new provincial doctor and a few medical nurses were employed here several years later at the same time as the establishment of a local cottage hospital. In Teckomatorp, which administrated the parishes Sireköpinge, Halmstad and Kågeröd, in addition to the doctor who appeared here in 1889, a first medical nurse was employed in 1901. More importantly, the most drastic improvements in the availability of medical personnel occurred in 1913-1914, exactly when the epidemic hospital was opened in Teckomatorp. The number of midwives, nurses and doctors continued to increase gradually thereafter. All communal finance registers provide the picture of expansion of health care services in the parishes throughout 1874-1917. In the beginning of the period, local spending on health care was limited to the partial salaries to the midwives or payments for the treatment of the sick in the lay-in hospitals in the neighboring city, Malmö (Kävlinge huvudbok 1881-1895, Kågeröd huvudbok 1876-1890). A large shift in spending -one third of that in railways -is observed around mid-1890s when both parishes built cottage hospitals for the isolation of the sick; no additional expenses on medical personnel can be indicated around that time (Kågeröd in 1893 and Kävlinge in 1895). In the timing of later health care interventions, the picture differs between the parishes. In 1889, Kävlinge commune renovated the cottage hospital one year before the extra provincial doctor came here. Within the next few years, the payments to midwives tripled indicating that additional or more qualified personnel was employed, as well as a salary to medical nurse and its rise is listed from 1902 (Kävlinge huvudbok . In the Kågeröd commune, a few new midwives were hired in 1913 as a midwife pension and new salaries are indicated (Kävlinge huvudbok . The building of a new hospital -Teckomatorp -had been financed from its sources jointly with surrounding parishes in 1915 and had been accompanied by the employment of qualified midwifery (a salary twice as large) and medical nurses (Kågeröd huvudbok 1900 -1916 , Norra Kreflinge huvudbok 1901 -1931 .
Given all sources, which to a larger extent relying on the information from the local finances, we are now able to identify several health care interventions with different timing throughout the parishes under study. First is the establishment of the isolation hospitals -in 1893 in Kågeröd and in 1895 in Kävlinge. Another one is the employment of midwives qualified in the use of antiseptics, medical nurses and provincial doctors after the establishment of the provincial districts -in 1903 in Kävlinge medical district (for Hög and Kävlinge), and in 1915 in Teckomatorp medical district (for Sireköpinge, Kågeröd and Halmstad) 2 .
Method
Our major aim is to evaluate the efficiency of public health efforts that were in place in 1870-1940, in particular several interventions combatting the transmission of disease, such as (i) the establishment of isolation hospitals and (ii) the employment of qualified medical personnel trained in modern knowledge and the use of antiseptics. We also assess whether there were any socio-economic differences in the response to these interventions. Finally, we estimate the magnitude of the effects by considering the change in mortality rate due to interventions, as well as approximate the social rate of return to these events.
In all models across the paper we use duration analysis. To estimate the effects of the main explanatory variables on infant/child mortality, we utilize a Cox proportional hazards model (Cox 1972) . Tests based on Schoenfeld residuals are conducted after each model to test the proportionality of the hazards. We do not observe any violations of the proportionality assumption in the models.
Public health interventions models apply a difference-in-differences (DD) approach in the following form:
where β is the indicator of treatment for individual i (that is the interaction term between a post-treatment period t and a treated parish/medical district p), parish  . As this paper aims at exploring permanent effects of public health interventions on mortality, we consider pre-and post-treatment periods of 10 years each. Interventions are identified as discussed previously (see Data section). We therefore examine changes in the risk of dying lasting for a decade after a public health intervention is introduced in the parish in comparison to the risk experienced in the decade that preceded such intervention 3 . The use of a DD approach allows to avoid several potentially important group effects. Primarily, we difference out effects from potentially confounding variables that are parish-specific and do not change over time (parish fixed effects) as well as from parish-specific variables that change over time in a linear manner (parish-specific linear yearly trends). Also, the method excludes the effects from plausibly omitted time-varying variables that are common across parishes (year fixed effects). We also omit the effects that may emerge from socio-economic classes that stay constant (SES fixed effects). We also add population density that is parish-specific and varying over time in order to account for population changes in the parishes that may confound with the treatment and are not captured with other parish-specific controls. In addition to SES, sex and number of older siblings are introduced in order to control for the possible influence of individual-and family-level factors. Due to the age-specific differences in vulnerability to infectious diseases, infants, children in ages 1-4 years, and children in ages 5-14 years are studied separately in models for isolation hospitals. In the models for improved midwifery, we distinguish neonates (less 28 days) which should be responsive to the use of disinfection techniques and infants in a post-neonatal period (28 days -less 1 year) with effects from isolation prescriptions. Stillbirths are excluded in all cases.
Using the same approach, we also investigate socio-economic differences in responses to public health care interventions:
where βs are indicators of treatment for individual i, that is interaction term between a post-treatment period t, a treated parish/medical district p, and socio-economic origin of a child s (elite and middle class, farmers, farm workers and industrial workers), parish The model will allow to obtain the effects of public health care interventions for children from different socio-economic groups while excluding the set of potentially confounding effects. Likewise in the previous model, we control for constant parish-specific, yearspecific, as well as parish-specific factors linearly changing over time. In addition to that, the model rules out the effects from all time-invariant factors at a socio-economic class level (SES fixed effects). Table 2 provides descriptive statistics for the survival data used in the interventional models. The proportion of population treated by the establishment of isolation hospitals in Kävlinge and Kågeröd in the mid-1890s is relatively large (approximately one third of the total population), something not surprising given that these parishes are the most populous in the sample. According to the overall socio-economic structure, the majority of the treated are the children of workers. In the child population selected to measure the impact of the increase in medical personnel as public health intervention, half of the population emerges as affected at a parish level. As identified previously, such intervention was first implemented in Kävlinge and Hög in the early 1900s, and a decade afterward -in the 1915s -in other parishes. We therefore have an opportunity to study the latter intervention both jointly and separately by medical district. Also, almost half of the children belonged to families of agricultural workers of different skill levels residing in rural parishes. The share of children whose parents were engaged in predominantly industrial occupations, those living in Kävlinge and Hög, constituted one fourth in total, and over the period studied it increased considerably. Children of higher socio-economic classes, originating from families of farmers, middle class engaged in tertiary sector and elite, comprise another half of the studied population. The distribution of children by the number of older siblings accords quite well with general marital fertility patterns in the parishes under analysis (Bengtsson, Dribe 2014) . Table 2 Results
The effects of public health interventions Table 3 shows the results of models that evaluate the impact on infant (below 1 year) and child mortality (1-4 years and 5-14 years) of the introduction of cottage hospitals as a public health intervention implemented for controlled isolation of the infected people in 1893 in Kågeröd and in 1895 in Kävlinge but not in other parishes Table 3 The results in Table 3 show that child mortality declined due to the establishment of isolation hospitals, but plausibly had been counterbalanced by period effects in some areas. According to the models assuming a common pre-interventional mortality trend in all parishes, mortality risks were much smaller for the children residing in Kävlinge and Kågeröd after the cottage hospitals were built there. If we distinguish the treated child population by parish, we find that such effect was produced by two parishes, in Kågeröd for all children and in Kävlinge for older children. The introduction of parish-specific linear year trends corrects the estimates in accordance with our expectations. In particular, the hazard of death had decreased among infants and younger children by not less than 3 times due to the intervention in Kågeröd after 1893, and the reduction observed was of a smaller magnitude among older children. This finding is in line with the expectation that younger children are more vulnerable to environmental changes. However, we do not observe similar responses in Kävlinge after 1895, where the estimates are of the opposite sign and not statistically significant. It indicates that the adverse effects in mortality coming from partial industrialization in this parish outweighed those from the public health intervention. This finding is additionally supported by the estimates from the models controlling for population density that do not differ from the initial ones.
The introduction of isolation hospitals led to the decline of mortality predominantly from airborne infectious diseases. The data on the causes of death shows that death rate among children 1-15 years due to respiratory diseases, which constituted more than a half among all causes, declined in the parishes affected by the reform by more than 70 per cent with the speed largest than in any other cause groups. The isolation of people in the separate buildings allowed to prevent deaths from scarlet fever, measles and lung inflammation. In other cause-of-death groups the changes were more moderate if any at all. The mortality rate due to diarrheal and unknown diseases was reduced as well, but their share in total deaths remained constant. The mortality rate due to non-infectious deaths stayed entirely unaffected. The data also indicate the presence of compositional differences in causes of death between Kågeröd and Kävlinge. In the studied period, diarrheal causes of death prevailed among children in the more rapidly industrializing parish, a problem that could hardly be solved by the introduction of isolation hospitals.
Another potentially important health care intervention was the employment of qualified medical personnel, especially midwives but also provincial doctors, shortly following the establishment of separate medical districts, in Kävlinge and Hög in 1903 and in Sireköpinge, Halmstad and Kågeröd in 1915.
The estimates in Table 4 show that the sharp increase in midwives competent in disinfection techniques led to the decline in mortality risks among infants. The estimates for neonates and infants in a postneonatal period, as well as infants in total are of expected signs, highly significant and robust to the inclusion of parish-specific time trends and population density. The effects by both medical district are strong and highly statistically significant. Neonates had been affected the most; the hazard ratio of death during the neonatal period was three times lower for the treated population during the decade which followed the intervention, jointly or separately by the geographical area. This effect may be related to the employment of more educated midwives assisting childbirth as well as -indirectly -to doctors that did not assist at births but, while being better equipped with modern knowledge, initiated the employment of educated midwives. The mortality risk had declined for infants in a post-neonatal period due to the intervention as well, by slightly less than a half. Therefore, basic prescriptions in infant care were helpful, such as the isolation of infants and prolonged breastfeeding, especially for Teckomatorp where the intervention happened later.
We also estimate the models for children older than one year as a placebo test. In parallel to the increase in the number of qualified midwives, provincial doctors and medical nurses were appointed to the newly established medical districts. As expected, no decline in mortality risk related to the increase in provincial doctors can be found for older children on average (see Table 5 ). The results are consistent with the fact that the medical personnel, regardless of the medical knowledge they had, was not able to struggle with infectious diseases at that time, as no medical treatment was available. Medical personnel could have been helpful for older children that were less vulnerable to infectious diseases or they obtained long-lasting immunity to infectious diseases, as the estimates for this group are less than one albeit not significant. Table 5 SES differences in responses
The gains from public health interventions are in general unlikely to have differed by socio-economic groups. The county and communal boards established isolation hospitals and initiated an increase in medical personnel while targeting the general public. Also, immediate distributional effects to all socio-economic groups are possible as the infectious disease environment improved instantly due to the interventions. In these conditions, following the developmental view on socio-economic differences in health (Antonovsky & Bernstein 1977 , Clark 2007 , we expect all socio-economic classes to benefit, with the only possible deviations based on place of residence given the different timing of the events. Alternatively, possible observed effects may be due to better knowledge about how to prevent infants and children from being affected by transmittable diseases, based on the knowledge distributed by more qualified medical personnel. In this case, the children of richer classes as well as those residing in industrialized locations may obtain a health advantage.
In our models, the hazard ratios for different socio-economic groups treated by isolation hospitals generally indicate no apparent differences in mortality responses among children (see Table 6 ). The results, which are slightly sensitive to the introduction of parish-specific trending controls, show that infants and younger children with different socio-economic background benefited from the intervention, with few reasonable exceptions. The hazard of dying was more than two times significantly lower for infants of farmers and farm workers affected by the establishment of cottage hospitals, and for industrial workers residing in more populous parishes the effect is reasonably smaller in magnitude. No similar result can be found for infants of the middle class and elite, probably implying that the isolation of the sick had been practiced in this group also before. In the group of children 1-4 years, all treated socio-economic classes obtained strong advantage in terms of lower mortality risks, again except for children of workers residing in more crowded parishes. As previously, we explain this by the counterbalancing effects from the rapid population growth or differences in cause-ofdeath panorama among the parishes. The effects for children in ages 5-14 are much smaller in size and not statistically significant. Table 6 The results of the models measuring the effects of increases in midwives suggest that no socio-economic differences exist in mortality responses among infants, although among older children only those from particular classes benefit from the larger availability of doctors (see Table 7 ). For infants of all socio-economic groups, the effects are highly statistically significant with no differences in sizes among the groups. Among neonates, the results are somewhat stronger for farmers and industrial workers thereby indicating that the wealthy and the poor obtained equal access to competent midwives. Instead, among infants in a post-neonatal period, we find larger effects for richer classes, farmers, middle class and elite, plausibly implying that they more readily adopted basic prescriptions in infant care. Interestingly, the results show that children between 4-15 years from some socio-economic groups did benefit from newly appointed provincial doctors (compare with Table 5 ). Among the groups responding to the intervention are primarily middle class and elite (6 times significantly lower relative risk), industrial workers (almost 3 times), and farmers (almost 2 times), but not children of farm workers. This may point to the gradient in accessibility to better health care, which thereby could provide supportive treatment for children, either through residence (in urbanized locations) or wealth (for richest classes). Table 7 Social gains
To obtain the magnitude of the effects in both absolute and monetary terms, this section translates relative risks into mortality rates as well as calculates the social rate of return related to health care interventions.
The task of calculating the mortality rates is relatively easy as we use a difference-indifferences approach throughout the study. We can estimate the change in mortality rate due to the event as a difference in the changes in mortality rates between affected and not-affected parishes after and before the event 4 . It can be done for both isolation hospitals and increases in midwifery. The only disadvantage is that the estimates get less precise in this case, as we translate individual-level survival trajectories into death rates aggregated at a parish level. On the other hand, it makes our results comparable with other studies on public health interventions which are solely regional. Table 8 shows that the size of the effects due to the period events studied is striking. After the establishment of local hospitals and the employment of more qualified midwives, the infant mortality rate dropped by more than 50 per 1,000, that is by almost 60 per cent while excluding period and parish level change. Even though in the case of the Kävlinge district the counterfactual rise in infant mortality should be treated with some caution, the decline in infant mortality in the district itself is remarkable. In rural parishes belonging to the Teckomatorp district, this decline is somewhat larger and fully explained by the decline in the treated parishes. The impact of the establishment of isolation hospitals on child mortality has a similar relative magnitude but is reasonably smaller in absolute terms. The mortality rate in ages 1-4 and 5-14 declined by approximately two times, in absolute terms by 12 and 4 children per 1,000 respectfully. Table 8 In addition to the absolute terms, the monetary value of the effects should be estimated 5 .We first calculate the costs per treated child in 1900 Swedish kroner (SEK). It is not difficult given that we have information on public expenditures from the Commune and Hospital ledger books as well as from Statistical yearbooks. In current values, the building of a hospital for isolation costed 2,700 SEK for each parish; later on, Kävlinge commune paid 3,500 SEK for a local hospital, whereas Kågeröd commune spent 7,000 SEK. For the hospitals for isolation, we assume that some money was spent on their annual maintenance, 100 SEK per year. We further multiply these costs by 10, since we consider a post-treatment period of ten years. In the case of improved midwifery, the books indicate the salaries for additional midwives (300 SEK per year), and an extra provincial doctor (425 SEK per year). We do not take into account a salary of a medical nurse reported at the same time as nurses did not help at deliveries. Midwives were better trained and we therefore take into account public expenses on their training. The costs for the courses taken by 3 midwives in the closest midwife school, in Gothenburg, was equal to 100 SEK (BISOS K: 1900). We also know that parents paid a midwife 1.5-2 SEK per delivery, and two times more to the instrumented midwife (Curtis 2005 , Teckomatorps distrikt årsberättelser 1905 . The latter payment is however negligible as it amounts to not more than three permille of the average annual income in any social group around 1905 (estimations from SEDD 3.2 (Bengtsson, Lindström 2003) ). All amounts are further recalculated with 1900 as a base year. Based on these very conservative calculations, final values are as follows: approximately 4,200 SEK per each isolation hospital built in Kågeröd and Kävlinge, and 7480 SEK and 5380 SEK for the employment of additional medical personnel per each medical unit, in Teckomatorp and Kävlinge respectfully. Table 9 The next step is to calculate the value of a child's life in 1900 6 . In contemporary Swedish statistics, in moderate terms, the value of a statistical life amounts to 21 mln SEK (2.4 mln euro in 2012 prices, Hultkrantz & Svensson 2012) . We can further assume that the value of a person had been increasing at a higher rate than national income per capita. Current research suggests that the elasticity of the value of a life with respect to income ranges between 1.7 and 2.3 for rapidly industrializing countries (Haacker 2012) . During 1900-2006, real gross domestic product per capita has grown from 486 to 5,400 SEK that gives 240% growth rate in real values (Schön & Krantz 2012) . Given the elasticity of 2.3, the real value of a life in 1900 is estimated as approximately 1,480 SEK in 1900 prices. Based on the estimates in Table 9 we can calculate the number of deaths averted due to the public health interventions and then multiply them by the real value of a life to obtain the total benefits. The latter amounts to more than 70,000 SEK obtained from the decline in infant mortality due to the improved midwifery for each medical unit, and to more than 134,000 SEK from the decline in child mortality due to the establishment of isolation hospitals.
A pairwise comparison of benefits and costs shows that the social rate of return to health care interventions is large. Each public krone spent on health care gave a return of more than 9 SEK for younger children and 6 SEK for older children. The size is not surprising if we take into account that the expenses on public health care were less than moderate comparatively with other costs, especially at initial stages. As expected, gains for older children are substantial but more moderate comparatively to younger children and infants, as mortality rates are much larger in the latter groups. Obviously, such estimates do not take into account other health benefits, not related to mortality but to the reduced morbidity due to the interventions. A rough approximation of investments into communications shows that the most expensive hospital established in the parishes costed the public less than one fifth of what was invested into other infrastructure. It implies that alternative spending of this public money could have allowed to prevent deaths with such a high rate of return.
Conclusion
In the end of the period discussed in this study, in 1938, a nationwide travel report of journalist Lubbe Nordström -"Dirty Sweden" -drew the picture of rural Sweden as poor, dirty and backward (Nordström 1938) . According to its view, provincial doctors and local governments were the only providers of modernity and enlightenment to the rural population. During the period between 1880s and 1920s, the annual local health reports had documented that all public health interventions were limited to the isolation and disinfection measures. No substantial improvements in water systems, sanitation, and housing had occurred in the rural parishes by the 1940s apart from the building of a bathhouse in Kävlinge in 1928. Children were vaccinated solely against smallpox up to the mid-1940s.
We find that after the 1890s isolation hospitals and the employment of midwives qualified in disinfection routines suppressed both infant and child mortality. Within a decade after the isolation hospitals were opened in the parishes, child mortality declined by 13 per 1,000 among children aged 1-4 years and by 4 per 1,000 among children aged 5-14 years. The employment of qualified midwives led to a decrease in death rates by 50 infants per 1,000, with stronger effects among neonates. These public health measures initiated a more than 50 per cent reduction in infant and child mortality, across different communities in the sample. Isolation and midwifery interventions affected children of all social classes equally, with the only exception being industrial workers living in crowded settings who did not gain from isolation measures. In addition to the isolation of the sick, these interventions implied that health institutions brought in up-to-date medical knowledge into the rural setting. Health benefits, produced by these interventions, largely exceeded the initial fixed and variable costs.
The main findings of this paper establish that the medical knowledge transmitted into deliberate public action is a powerful means of reducing infectious disease mortality. Bacteriological discoveries of the latter part of the nineteenth century validated the uniform methods of dealing with contagious disease, such as isolation, disinfection and vaccination, with the latter being substantially delayed in its public application. As we showed, the isolation of the persons infected with airborne diseases stopped the spread of disease and reduced child mortality substantially. The employment of midwives was efficient not only with defeating neonatal mortality but also with reducing post-neonatal mortality.
The evidence provided in this paper motivates the responses that authorities should initiate towards infectious diseases today. Internationally, the emergence of new contagious diseases should be dealt with isolation methods first, before vaccines and drugs are invented. The history of responses to the most recent epidemics -Ebola in 2014 and MERS in 2015 -proved these measures as efficient. Also, in less developed countries and in rural areas, the initiatives stopping outbreaks of well-known infectious diseases may be the only possible tool as these countries are generally too poor to afford mass vaccination and treatment. For instance, in Astrakhan in 1970, the marsh of the pandemic of Asiatic cholera was stopped by quarantine regulations and cordons sanitaires. In the crowded settings, isolation initiatives should be complemented with sanitary regulations, as was done during the outbreak of cholera in South Africa in 2000.
The only condition that should be met is the existence of local administration prepared to take a quick action with such measures. 1895 1900 1905 1910 1915 1920 1925 Teckomatorp medical district respectfully, estimated separately. Specifications are the same as in Table 4 . FE refers to fixed effects.
TABLES
Exponentiated coefficients; p-values in parentheses * p< 0.10, ** p< 0.05, *** p< 0.01 
